The perturbative expression of the running strong coupling constant α s (Q 2 ) has an unphysical singularity for Q 2 = Λ 2 QCD . Various modification have been proposed for the infrared region. The effect of some of such proposals on the quark-antiquark spectrum is tested on a Bethe-Salpeter (second order) formalism which was successfully applied in previous papers to an overall evaluation of the spectrum in the light-light, light-heavy and heavy-heavy sectors (the only serious discrepancy with data being for the light pseudoscalar meson masses). In this paper only the cc, bb and qq (q = u or d) cases are considered and fine structure is neglected. It is found that in the bb and cc cases the results are little sensitive to the specific choice. In the light-light case the Dokshitzer et al. prescription is again essentially equivalent to the truncation prescription used in the previous calculation and it is consistent with the same a priori fixing of the quark light masses on the typical current values m u = m d = 10 MeV (only the pion mass resulting completely out of scale of about 500 MeV). With the Shirkov-Solovtsov prescription, on the contrary, a reasonable agreement with the data is obtained only at the price of using a phenomenological momentum dependent effective mass for the quark. The use of such an effective mass should amount to a correction of the free quark propagator. It is remarkable that this has also the effect of bringing the pion mass in the correct range.
I. INTRODUCTION
In perturbation theory the running coupling constant in QCD is usually written up to one loop as
or also up to two loops
Q being the relevant energy scale, β 0 = 11 − n f and n f the number of flavors with masses smaller than Q.
Such expressions have been largely tested in the large Q processes and are normally used to relate data obtained at different Q using the appropriate number of "active" flavors n f and different values of Λ in the ranges between the various quark thresholds.
Both expressions become singular and completely inadequate as Q 2 approaches Λ 2 . Therefore they must be somewhat modified in the infrared region.
Various proposals have been done in this direction. The most naive assumption consists in cutting the curve (1) at a certain maximum value α s (0) =ᾱ s to be treated as a mere phenomenological parameter (truncation prescription). Alternatively, on the basis of general analyticity arguments, Shirkov and Solovtsov [1] replace (1) with
This remains regular for Q 2 = Λ 2 and has a finite Λ independent limit α s (0) = 4π/β 0 , for Q 2 → 0. Finally, inspired also by phenomenological reasons, Dokshitzer et al. [2] write
where α 0 s (Q 2 ) is the perturbative running coupling constant as given by Eq. (1) and
. The various curves are reported in Fig. 1 . The above modified expressions have been applied to study various effects in which infrared behavior turns out to be important. Electron-positron annihilation into hadrons, τ -lepton decay, lepton-hadron deep inelastic scattering, jet shapes, pion form-factors etc. are of this type.
In the quark-antiquark bound state problem the variable Q 2 can be identified with the squared momentum transfer Q 2 = (k − k ′ ) 2 and formally the use of a running coupling constant amounts to include higher order terms in the perturbative part of the potential or the Bethe-Salpeter kernel. In this case all values of Q 2 are involved and an infrared regularization becomes essential. Furthermore Q 2 ranges typically between (1 GeV) 2 and (0.1 GeV) 2 for different quark masses and internal excitations and values of Q 2 smaller than Λ 2 can be important. The specific infrared behavior is therefore expected to affect the spectrum and other properties of mesons.
The purpose of this paper is to test such kind of effects in a particular formalism we have developed and used in previous papers.
II. FORMALISM
In reference [3] we have obtained a good reproduction of the entire meson spectrum in terms of only four adjustable parameters, by solving numerically the eigenvalue equation for the squared mass operator
or the mass operator
where
+ k 2 is the kinetic term and U and V are complicated momentum dependent potentials. Up to the first order in the running coupling constant α s (Q 2 ) and in terms of the string tension σ, the "quadratic potential" U is given by 
and
The above expression was obtained by reducting of a Bethe-Salpeter like equation which was obtained in reference [4] from first principle QCD under the only assumption that the logarithm of the Wilson loop correlator W could be written as the sum of its perturbative expression and an area term
(advantage was taken in the derivation of an appropriate Feynman-Schwinger representation of the quark propagator in an external field).
An expression for k|V |k ′ can be obtained by a direct comparison of Eq. (6) 
is essentially equivalent.
The interest of the more conventional Eq. (6) is that it makes more immediate a comparison with ordinary potential approaches and the consideration of the non-relativistic limit. In particular V coincides with the Cornell potential k|V |k ′ = k|(− 4 3 αs r + σr)|k ′ in the static limit and with the potential obtained in [5] when the first relativistic corrections are included. In this paper, however, we shall refer only to Eq. (5), as more directly related to the original B-S equation.
The method used in [3] consists in solving first the eigenvalue equation for M in the static limit of V by the Rayleigh-Ritz method (using an harmonic oscillator basis); then in evaluating the quantity M 2 (or M ) for the resulting zero order eigenfunctions. Actually in [3] we have neglected the complicated fine structure spin dependent terms occurring in (7) and taken into account only the hyperfine term in 1 6 σ 1 · σ 2 . We have used the expression (1) In this paper, to test the sensitivity of the results to the infrared behavior of α s (Q 2 ), we have performed the same calculation in the bb, cc and(q = u or d) case using Eqs. (3) and (4), with an appropriate redefinition of the adjustable parameters.
III. RESULTS
In tables I, II, and III we give the bb, cc, anduarkonium masses respectively obtained for the different running coupling constant prescriptions. In column (a) we report the results obtained in ref. [3] for the truncated α s (Q 2 ), in column (b) those obtained by means of Eq. Notice that, in spite of the reduced number of adjustable parameters, the spectra of bottonium and charmonium are not essentially modified by the new choice for α s (Q 2 ), with perhaps the exceptions of the highest cc states that are lower in the Dokshitzer et al. case. This indicate little sensitivity of such spectra to the infrared behavior of α s (Q 2 ).
The situation is completely different for the light-light spectrum of table III. While in front of the experimental and theoretical uncertainties columns (a) and (c) can be considered not really distinguishable, the values reported in column (b) are definitely systematically too low (in particular M 2 < 0 for π-meson). Notice however that in the above reported calculations we have used for m u and m d the current mass value of 10 MeV. This amounts to assume the difference between the current and the constituent masses to be essentially related to kinematical relativistic correction (cf. [3] ) or, what is the same, that the free quark propagator is a good approximation for the complete one in the B-S equation. The inability of the formalism to reproduce a reasonable value for the π mass and all experience gained by the chiral symmetry problematic (see in particular [6] and reference herein) suggests that this should not be the case for the light-light systems.
For this reason we have repeated the calculation for choice (3) approximately corresponding to the k 2 values for the 1S, 2D and 1G states respectively. As it can be seen the agreement with the data is much improved in this way and finally even a reasonable value for the π mass is obtained.
Notice that the use of an effective running mass is in agreement with the general perspectives of combining Dyson-Schwinger equation with B-S equation. Obviously a fine tuning of the coefficients in Eq. (10) to further improve the results would be meaningless in the present context, due even to the approximation used (e.g. the triplet-singlet splitting has been essentially evaluated perturbalively).
IV. CONCLUSIONS AND DISCUSSION
In conclusion the heavy quarkonium spectrum does not seem to be very sensitive to the specific infrared behavior of the running constant as it could be expected on general ground.
For the light quarkonium Dokshitzer et al. prescription (4) does not essentially change the results in comparison with the truncation assumption adopted in [3] , in spite of the very different appearance of the corresponding curve in Fig. 1 On the contrary the situation changes drastically for prescription (3) . Actually such prescription would be definitely ruled out if we insisted in using a current mass for the light quarks. If however we give to m u,d a constituent value the results are again similar to those obtained with the truncated α s (Q 2 ) and can be strongly improved if we use the running effective mass (10).
To understand better the meaning of Eq. (10), notice that, in the context of the second order formalism developed in ref. [4] , the free quark propagator
, where we have to set p = (M B /2 ± k 0 , ±k) (the upper and lower signs referring to the quark and the antiquark respectively) in the C.M. frame . However if, consistently with the other approximations made, we neglect the spin dependent terms, the full quark propagator H 2 (p) can be written as i/(p 2 − m 2 + Γ(p)). Then, recalling that the instantaneous approximation consists in setting k 0 = 0 in the BS kernel, in the same order of ideas we can replace the slowly varying expression Γ(p 0 , |p|) by Γ(M B /2, |k|). Eventually we obtain the operator M 2 as given by Eq. (5) but with m 1 = m 2 replaced by
Eq. (10) corresponds to a parametrization of right hand side of Eq. (11). Obviously in principle Γ(p) should be obtained by actually solving the DS equation for H 2 (p) (ref. [3b,4b,4c] ), but this is a complicated task that we reserve to a forthcoming paper.
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TABLES
9.9132 ± 0.0006 9.8919 ± 0.0007 9.8598 ± 0.0013 
